Making use of the possibility that gluon condensate can be formed in neutron star core, we study the vortex pinning force between the crust and the interior of the neutron star. Our estimations indicate an increase in pinning strength with the age of the neutron star. This helps in explaining observed pulsar glitches and removes some difficulties faced by vortex creep model.
) ∼ 10 −9 to 10 −6 accompanied by jumps in the spin down rate of magnitude (
∆Ω Ω of nuclear matter for densities above the nuclear matter density ρ 0 ∼ 2 × 10 14 gm/cc, all models of neutron star assume a solid outer crust consisting primarily of iron nuclei arranged in a very rigid and strong crystalline lattice and a neutron superfluid coexisting with the extension of the outer crust lattice forming the inner crust.
Glitches can be explained [3] by the presence of this superfluid component which is loosely coupled to the nuclei present in the rigid outer crust. As expected [4] , a rotating superfluid develops an array of quantized vortices, parallel to the axis of rotation, around which the circulation is quantized. The currently accepted explanation of pulsar glitches is provided by the vortex creep model(VCM) [5] . This model assumes that the superfluid vortex line within the neutron star experience a pinning force from the crustal lattice as they move radially outward from the rotation axis, the superfluid looses it's angular velocity and slows down. The pinning force in this model is required to be finite and non-uniform so that the vortices are loosely pinned and inhomogeneously distributed in the inner crust. recent works [6] have raised doubt about the existence of nucleon superfluidity within the neutron star core. In addition, it has been suggested that the observed glitch and post-glitch behavior of neutron star to be related to its interior core structure. Many exotic states of matter have been proposed [7] [8] [9] to exist in the very dense core of the neutron star including pion-condensate, kaon condensate, hyperon condensate, quark and gluonic matter etc. In view of these results, we have attempted to explain pulsar glitch behavior in the framework of VCM considering gluon condensates as constituents of neutron star core.
From QCD studies, it is proposed [10] that in a QGP quraks and gluon may have two different phase transition temperatures, T g ∼ 400 MeV and T q ∼ 250 MeV respectively.
Gluons are expected to undergo a first order phase transition and condensate to glue balls.
Interestingly, Ellis et al [9] have shown that glue balls can be formed inside a neutron star core. These glue balls can transform to hadronic matter as expected from QCD. This picture of formation of hadronic matter from QGP motivates us to propose that, while the composition of the crust of young (τ ≤ 10 4 years) and old (τ > 10 4 years) pulsars remain the same, the core of the young pulsars consists of glue balls contrary to the core of the old ones, which contain hadronic matter.
Following the arguments of Ellis et al, one may expect glueballs at the core of neutron star. The nature and stability of such glueballs need further detailed study. However, from a phenomenological point of view if we accept that such glueball obey typical QCD phase diagram [11] one expects the glueballs to be stable at the central core but decays near the boundary of core and crustal region. Recent studies [12] have revealed various decay modes of glueballs (ξ) including ξ → pp and lighter hardrons (ππ, KK). However, the widths of a glueball decay into two pions or kaons are found to be narrow [13] . If ξ → pp is the dominant mode of decay then the formed protons within the neutron star are expected to undergo electron capture and form neutrons [14] . Hence, a neutron star with glueball core have the following structure : there will be a solid outer crust; beneath the outer crust will be an inner crust of superfulid neutrons and at the interior core there will be glueballs. At the boundary of the inner crust and the core, glueballs neutronize. With time, neutron star cools and temperature of the stellar interior decreases [15] . The decrease in the interior temperature of the neutron star allows more glueballs to neutronize even at higher densities [11] . Hence, an older pulsar is expected to have more neutrons than a younger one. We now
show that the pinning energy of a superfluid vortex line to a nucleus with outer crust, is less for younger pulsars than older ones leading to frequent glitches for the former.
The pinning energy E P in the VCM [5] is given by :
where ∆ is the gap energy, E F is the Fermi energy and n is the number density of the superfluid neutrons inside and outside the nucleus respectively, V denotes the nuclear volume. The difference between the two terms in the right hand side of Eq. 1 represents the gain in energy when the crustal nucleus is well inside the vortex line.
To compare the pinning energies E Pg for younger pulsars with glue ball core and E Pn for old pulsars with neutron core , we consider the ratio:
with
whereh is the modified Planck constant, m is the mass of the neutron, s is its spin and subscripts n and g to physical quantities refer to those appropriate of older and younger pulsars.
Assuming ∆ n = ∆ g and V n = V g , and neglecting the superfluid neutron number density outside the crustal nucleus, we obtain
Considering that stellar core contains neutrons alone, we find the number density of neutrons in a 1.33M ⊙ pulsar of radius 10Km will be: n n = 3.8 × 10 38 per cc.
If the stellar core contains glue balls with typical stellar central density 1.25 ×10 15 gm/cc a simple estimate shows that the expected the number density of neutrons can be given by n g = 0.65 × 10 35 per cc. Hence, from equation (4):
This shows, the pinning energy can be substantially reduced if the pulsar core contains glue balls instead of neutrons.
As we have already stated, the existence of glue ball in the young neutron stars helps in explaining the observed glitch phenomenon. In the frame work of vortex creep model, glueballs provide weak pinning and does not affect the nature of glitches and post glitch behavior (as explained by VCM). For older pulsar, glue balls evolve into hadronic matter and pinning becomes so strong that glitches stop while for new born pulsars, pinning may be super weak due to insufficient number of neutrons and may not be observed. For very young pulsars like Crab, glitches can be observed but the strength will be very low. For pulsars like Vela, glitches of observed strength can be expected.
